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I. INTRODU(2T ION

One purpose of this report is to bring together all the basic data cc 1 lected
by LWL in the conduct of physiological testing of less lethal. devices. HiCAko
ever, the major objective in writing this report is to present an assessment
of the neaning of the data collected and present any findings which will aid
in the design and evaluation of less lethal weapons.

Rhe emphasis here is not on the overall evaluation procedure but focuses pri-
marily on the physiological effects and, consequently, mainly on the "undesir-
able effects of less lethal weapons. Although an effort will be made to make
this report useful without referring to other reports, it is inevitable that
certain jargon and inbred concepts will be used; hence, it is reconmended that
the reader examine "A Multidisciplinary Technique for the Evaluation of Less
Le.hal Weapons (Volume I)'1 which gives considerable background discussion on
the evaluation of less lethal weapons.

"rhe type of physiological effects examined in this report are generally clas-
sified as blunt trauma as opposed to penetrating trauma. However, in cartain
of the devices tested, especially the smaller projectiles at high velocity,
there wen- some fairly deep tissue penetrations. Hence, we cannot be con-
strained to blunt trauma discussions only, but to the effects of allegedly
less lethal impacting projectiles in general.

An alternative way of stating the nature of this study is that it investigates
the relation between kinetic energy of impacting projectiles and damage to
living tissue. It has been widely assumed that tissue damage is related to
the kinetic energy of the projectile.

Although the emphasis of the report is placed on physiological response to
impacting projectiles, sane consideration will be given to the choice of an
"opti•uiai" projectile for achieving certain c4jectives using "nonlethal" (less
lethal) weapons.

'Egner, 1). 0., Shank, L. B., Wargovich, M. J. and Tiedemann, Jr., A. F., "A
Multidisciplinary Technique for the E'valuation of Less Lethal Weapons (VloIuLme
1)," USA'.L draft report, July 197. (to be published as a National Institute
0of Law Enforcement and Criminal Justice Nkmograph in 1974).



11. ANALYSIS OF TiE TISTS

A. Measures of Physiological Effect

Three measures of the physiological response of animal organisms to the effects
of so-called 'nonlethal" webtpots havc been used in the investi gation. All
three have been developed for LVL's evaluation of less lethlal weapons. Two
of the measures are independent measures of well-being, whereas the third is
primarily an auxiliary measure of well-being.

The first measure is the damage level grading system. The gross tissue damage
te certain body areas aid organs is ordered on the basis of a set of criteria
which differentiates tissue damage on the basis of increasing severity. Any
of si" different levels of damage (0 through 5) may be assignced for a given
impact. A value of "0" denotes no visual change to an area or organ, and a
value of "5" denotes a complete disruption of the tissue in the particular
area or organ. In the necropsy associated with specific tests, - numnber of
"sharp" color piotographs are taken of the affected area, and these photographs
become the basic data utilized in the assignment of grade levels. (Details of
the testing procedure, the accompanying necropsies and the Melical Group
assessment: are given in References 1 aid 2). Actually, the damage level
grades represent nine different submeasures, since there are sets of criteria
for nine different body areas and organs, viz., head (brain-skull), heart,
lung, liver, kidney, spleen, other viscera, bone, and skin/subcutaneous tis-
sue/itiscle. 1'he specific criteria for each grade and each area are given in
Appendix A.

The second measure of physiological effect is the probability of an Undesirable
effect (PE). In this measure, the Medical Group examines the same color photo-

graph~s used in determining the grade levels, but the specific nature of the
wound (along with any other information* on the animal's condition) is taken
into account to assign a probability of an undesirablc cffect. An undesirable
effect is defined as follows:

that anatomical and/or functional effect which persists longer
than 24 hours and prevents an individual from performing routine
daily tasks and/or produces permanent impairment as defined by
the American Medical Association (ANOt) ratings.

In coprpariing these first two measures of physiological effect, the latter nx~a-
sure (P) i) is felt to be more highly correlated with the well-heing (or lack

of Vill-being) of an individual subjected to a particular wound,. In fact, the
P (rahiiity.. of ari indesirable effect) value also takes into account the

"2Zelina, R. S. and 'iedeamann, Jr., A. F. , "''valuation of th, l'h1vs iologicalEffects of Hligh-Q Spheres fnipacted Against lah(,ratoryi Animals (Voltin's I and

I1) , USALL Technical Report Nc. ,WL-I(R- 0B772, August 19 -7 .
*Thi's includes the actual damaige levels ass.igned, LKt; il tornalIt ion, death or
survival oi the aLuiinal X'o lume of 1)]:b k ill tw caititv, etc.



difficult problem of scaling, thiat is, the transfer of i-nformation on a lipecies
of test animal to the effects on a human. One of the disadvantages of the 1.1
value is that it is judgmental and1 requires a group of medical specialists to
provide tech-nically acceptable estinLmtes. Furthermore, the tissue dzamage
levels are imich moze specific and the mechanics of tissue d~isruption through
kinetic-energy i~q~act or blunt traunia are more understandable than the relation
between systemnic abnormalities and kinetic-energy imipact.

L.ooking at the two measures in another w~ay, thiere is reason to suspect that
tissue damage levels and kinetic energy (along with other projectile paraiie-
ters) will. provide a relatively precise relation, whereas P. provides the

mo)re meaniingful data for evaluating the hazards of imapacting devices. At this
point, howiever, it is worthy of note that for many of the organs and body
areas graded there is a high degree of correlation between the tw4o measures,
damnage levels and PU_

the tflird measure of physioiogicai effecL lzý -i. -. , )I~nr~ ()K'
grading system. The LKG was first introduced into the tests to Provide a
better understanding of the animai's preimpact and Ipostirnpact cardiac condi-
tions. However, several impacts were observed where thie EKG indicated serious
abnormalities in the card"Lac furictian at tej- imipact buL- where the gross tissue
damage to the heart was smnalil. Since the heart appears to be a much tougher
organ (i.e., less subject to tissue damage than the other organs examined for
given kinetic-energy levels), it appeared that gross tissue damage levels for
the heart should be augmented with additional quantitative information which
would be more sensitive to kinetic-energy impqacts than. tissue damage levels.
Hence, LKG grade levels were established by the cardiologist of the Medical
Group as an auxiliary quantitative measure at the damnage induced on the animal
subject. To date, no separate analysis has been made usii- the assigned E.-K(;
Igrade levels, so the LKG gradtes are excluded .for the present from the physirn-
logical data base in Appendix B.

Some further coninnents onl the damage gra'ie levels are ir, order. Mhen we attempjt
to ticasure with a linear scale the amnount of tissue damage induced, there JS
no denying tie value of the attempt. We C anl 0,uote classical statemen~ts f row
thle history/ of science whichi say, in effect, that we cannot really under-stand
a plienciiienon until we can measure it. What is; contestable, fiowevei is tlit
v/alidity of the scal~e. Since we kjiio of no other scale of' physl 1uloica
response which iliasures tissue damnage. ,It suffices to( show that the dam~akge
level scale has some positiveO merits.

F irst, di'e gzrdes are imeaningtu 1 in the ext reme , Ie, , Grade 0 ulid icatcs 11(
00 c rvab it tisSueI dalflage , Whereas Grade Si inidicates extfrome di srujpt joH of t is
:'ti . iTh intte nickdi ate ý,rades are tie' ined suIch thalt in ttered i at e dal~ii' 0
ordered. I t r exaidple , we cnalways say that Gr-ade 21 is betWeCnl I and k~, s
oppo05Cd to sayi ng only that Grades 4, , 2ai d I are '11l ,omowhiere 1 e1weeii 0
'LII I'l teLtlni cal termls, we c~an saly that Hthe gr-.td levels- 1,,~,II;resei an



T1he real question then is do the changes in grade represent constant intervals
of damage? A rough observation of accumulated grades (Appendix C) showrs a
reasonable dist ribution of grade leveLi between 0 and, S. This- do~es not vali-
(late a constant interval between grades, but arty unusual (frequent or infre-
quent) intenredi&ote, grade may indicate a case of improperly weighted grade
intourvals. In fact, several cases of unusual intermediate grades do occur,
but, rathcr than pointing out a deficiency of the grading system, these casesI are medically interesting. For exawple, there is only one Grade 1 for the
liver for all of the projectiles fired into the liver area, but there are
nineteen Grade O's aid eight G.rade 21s. Looking at the liver-grading criteria
(Appendix A), this means there was only one case of a liver inijury where the
only damage was a subcapsular hcenatomn; whereas, there were eight cases of
subcapsular hematomna wvith a simple fracture (less than one cent imeter deep
and/or less than five centimeters long). Another obvious nonanifonmity is
the relatively small numb*er of cases of Grade 4 damage to the skin, subcutane-
ou.s tissue and muscle (treated as one body area). Essentially, the ciifference
between Grade. 4 and Grade 3 for a skin area impact is that Grade 4 invrolves
laceration of fascia, muscle and/or fat, whereas Grade 3 involves no lacera-
tions. The difference between Grade 5 and Grade 4 is tVat Grade 5 includes
laceration of the skin. A further examination of the data shows that all.
cases of low frequency for Grade 4 occur with the, four smallest-diameter mis-
siles, whereas the three largest-diameter missiles result in Grade 4 frequen-
cies w-hich appear consistent with the accompanying Grade 3 and Grade S fre-
quencies. Physiologically, this indicates that severe damage below the skin
will be accompanied generally by laceration of the skin for smaller missiles;
but for larger missiles, skin laceraticxis need not be expected with lacerations
below the skin.

Before getting into the analysis of the data, a comment is in order en the
composition of the Medical Group whose efforts were essential to this whole
program. W~henever a medical group is a~ssem'bled to provide a critical input
to an investigative effort of this type, ther.- is frequently a great "to-dto"
about the qualificaticsis of the participants. Furthermore, since nuch of the
activity of a medical group involves the exercise of medical judgment, there
is a tendency to want =~ aver_-ge of judgnwnt5 fro-m uwiny d-Ifferent experts.
Mhe overall evaluation group approach to this problem was to asseiru'1e a few
exyperts from th~e Baltimore area and indicate to them the basic objectives of
the program. Then aLs part of a small team, i-ather than as separate indepen-
dlent iwdical expe 'ts, tjeds group was asked to propose procehures for achieving
the objectives th;K, were the responsibility of thle Medi,ýal 'Mu Te p'lo-
po~sal, whichi was accepted, consiste,0 of a smnall working grouip of !ifferent
iwdical specialists, viz., a forensic pathologist, asurgeon shoJ-traimuil
specialist, a cardiologist, a v. terinarian-pathologist arid a phYrsiologist.
'thlis group's main function is to review assignments of damage grade levels,
synthiesize measures (or, scales) of physiological response and provide estl
flkiteS ofP11

11. Analysis of the Dmnage Level Iniform~alion

Aseries oI. tests against arnimals was conducted] by LW1 -, herri i ig10I&~bet
1971 wi th the test. log ot- a high -energiv rubber sphiere (Sufx rhal I" &;X a



lethal projectilc. Alth•Jgb less lethal tests had been conducted by ILi. pre-
vious to lkecember 1971, the earlier tests were mich nyore limited in s-cope,
and the basic data .ollected was primarily infoniiation on sb,,l fractures.
The tests discussed in this report are listed in Table I bel , and sc.ie Ca ..-..
acteristics of the items tested are given in Table 1I. "The references 2 7

listed in Table i refer to footnote refereices given ii this report. In some
cases, the references give added information on the physiological tests; in
other cases, they give results of accuracy tests and other types of engineer-
ing data for the particular device.

In the discussions that follci, there are 49 basic coNmbinations of interest
resulting from consideration of seven different body areas and/or organls
graded against seven different projectiles, viz:

_ Body Area P__Projectile (Test Series)*

! H- Heart S - SuperbalI (Series 0, 100, 200)

L - Lung B - Stun-Bag (Series 300)

K - Kidney - 1ýaterball (Series 4f)0)

LV - Liver P - Ping Pong Bal I (Series 5(0)

1i1 - Head (Brain) N1 - Paintball (Series 600)

Sb - 1Skin, Subcutanous Tissue R - Pcochet Rounid (Series 700)
Muscle (Body)

A Skin, SubcA.oTanexis Tisski:, V - RTV Rounlld %e '' 800)
1UScle (Ilead )

,"It is emphasized that each projectile was considered jI'i•,,i t Coif, (t tho
sevcen different, body areas listed in the left-hhand colIulu,.

Thc te st data frcai the seven difterent projectiles a re su:uluir ied in ApxtonO .
C where damage levelIs arc presented as a function o( grotli,.d kiletic V 1r ty
value:;. For exawlyIe, for tie Superball/iung com1bil ltit ill, Xl Cn tV •f - i' t W,

tei., 'Analysis of thetigh in]ergy-tU- S'heo. wf-ku!oli , ll !iq,•
PK. ''j;iy f the 11 h

Against iLlborlatory Aniimals (L.ow lcthaliýy," ymT p (ort I 1w la•hi a- ,
•Heport I . 3, Marchi 197.

., I-. J As ", sh s iethal uI l kl itimh I I I Iti ! ,I' (I-, I to

Schui Lcal Rejport .l 741 7 June i 0-17,1.

Iv. , , . k. , "T 1-,:; 1 1th,.1l !i lV id 1 , , I iY II ' , .tl ,i I v'
.Jr u,c i1174..

o 'irgoyJk i ctn, .',

Kil FR7i½I ,July

: • ~~~~~ ~~. i .J , i tltd/ 1'. A. :ld ''cd llu l i ., 1 ~ i•l , I • !,
1) 1, Ft) C1 ,, I 1( ,II k( tI 1 1

M Lt} i{";,, lly! ,
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Damage Level 4 raw in the column for 75 ft-lb kinetic energy ,aeans there were
two shots graded D~ui,.tgc Level 4 for kinetic energy of impact between 60 and
75 ft-lb. The basic data for each shot, along with most of the results of
interest, are given in detail in Appendix B. The data in Appendix C (grouped
by kinetic-energy bands) give only those grades for the area impacted, whereas
the detailed shot data in Appendix B give individual kinetic energies and
grades for all areas affected. In the analysis of danage level vs kinetic
energy which follows, although based on Appendix B, only one area (or organ)--
the one impacted--is associated with the damage level. The same shot, however,
may be used in several relations, e.g.. a thorax shot will yield a heart grade,
a lung grade, an,: a skin grade; all otaer shots will yield just two grades,
i.e., the underlying organ grade and t".e skin grade.

A cursory examination of the grouped data in Appendix C indicates that there
are many instances where there is quite a spread in damage level grades as
impact kinetic energy varies. Consequently, it appeared that the most signifi-
cant and useful analysis of the data would be to approximate the physiological
response by a linear least-squares fit. Hence, the least-squares fits were
calculated (based on the basic data in Appendix B rather than the grouped data
of Appendix C), and the results of this effort are given in Table III.

Obviously, the nature of these linear fits is influenced by several character-
istics of the basic data. First, damage level giade can take on only one of
six values (0, 1, 2, 3, 4, 5); hence, there is a limit to the precision of
the fit due to the large intervals between different physiological responses.
Second, the kinetic energies of impact were primarily in the region from 30
to 90 ft-lb; this limited range provides sane linear fits which are somewhat
distorted for those projectile/body area combinations which are relatively
insensitive in the 30-90 ft-lb range. This will be discussed in more detail
below.

The combination of the Ping Pong Bali projectile and the heart damage levels
is selected as an example of the linear fit between damage levels and kinetic
energy. [ihe .informaticn is presented in Figure 1; i.e., both the data points
from Appendix B and the linear least-squares fit to these data are presented
in Figure 1.

In order to provide sawe canprehensiai of the overall results of these experi-
nents in a single picture, tie 49 linear Least squares fits are plotted on
one graph (Figure 2); but, iii order to avoid the appearance of a nu';s of a9
lines, e:ich lI ine is represented by a point. That is, in Figure 2, each 1iiinear
least-squares fit is represented by a point, the abscissa of which is the
slope, (in) of the line and the ordinate of which is 1w yf-lic tercept (b) of the

line; for exa.nqle, the line of figure iv; represented inl Figure 2 by thte
circled point P-11 ( .0t87'1, 2.324).

S"iw orientatixi of tii s tecluiique of presen,. :tL uon is provI!dcd by the two
lines on Figure 2 whici bound all but two of the dita points. The poilits of
the upper l tie rep resent a ray of lines going through th 00 ft -lb:, ')aniage
L'evel .S pi nit tor data piesentatioen of the type given .in Figtire i . Ale p irlit. S
of the Iocwer lint, ie reprosent a ray of i n1e0 go11; th0roujgh tilie 40 tt lb, l)auage

lJevel o poilt.. "1 the two liiies were exteriltal, thtii po)int of inltcrs•ectiio

ib



TABLE III

LINEAR LEAST-Sý,JARZES SMnIARY OF nIff DAIA

Area Correlation SampleProecti le I_•acted. -nter.cýb Slo___m_ Coefficient, p Size, N

Superbal Hleart 2.149 0.014 0.196 9
Lung 2.611 0.008 0.134 11Liver -1.516 0.079 0.923 9Kidney 0.031 0.034 0.769 9
Heal-Brain -1.069 0.050 0.781 29SSM-Head 0.702 0.038 0.766 29S&1I-Body 0.892 0.037 M.'39 33

Stun-Bag Heart 0 0 0 5
Lung 2 0 0 5Liver 1.322 0.039 0.684 6Kidney 0.910 0.041 0.570 S
Hlead-Brain 0.413 0.010 0.214 24SSMI-lead 0.348 0. 027 0."522 24SSNM-Body 0.287 0.035 0.537 23

k'aterball ileart 1.212 -0.001 -0. 014 10
Lung -0.545 0.026 0.387 10Liver 0.0o8 0.027 0.024 11
Kidhney -0.045 -0.008 0.198 9liead-Brain 0 0 0 12
SSM-liead -0. 719 0.012 0.291 12
&SI- Body -0.707 0. 023 0.724 30

Ping Pkng Ileart -2.324 0.069 0.842 12Btll Lun- 0.105 9.032 0.572 12
Liver 0.650 0.037 0.574 11Kidney 3.295 0.0!1. 0.833 11flead-Brain -1. 377 0.030 0.5410 10Wl'-I lead -1. 348 0.042 0. 709 10
S&\ " Bly 0. 93C 0.028 0.559

I',,int.iall HI eart 0.394 0.005 0).08( 10
Lwijg 0.310 0.049 ).811 10Liver -0.457 (0.000 0. 7,) 7
xidnee -(), 403 ). 0419 0. 9L) 8
ftlead -- tl'ain .01.280 0.040 0l.o51 10
5W-Iead 1.8)4 (. 032 I) ,19) 1,
.•£S'.l-iixty 3,34 0).3012 08.45

i1coJ~ct leart .1,135 0S038 0.5,15 11
S.tuIg 1.307 0,041 0.bt7> 11
Liver 0. . 810 0. o 2 0 7, 1
KR hey ,i2. 70( 0.075 0.K.

L. - - - - - --



TABLEIII (CONT)

Arep Correlction Sample
Pro•jectile Impactvd Intercept, b p CoefficienL P Size, N

Ricochet Head-Brain -0.108 0.051 0.670 17
Round S..4-Head 0.695 0.046 0.711 17
(Cont) SSM-Body 1.554 0.038 0.830 29

RTV Rcund Heart -1.425 0.043 0.798 9
Lung 0.540 0.024 0.328 9
Liver -0.535 0.023 0.322 8
Kichey 0.957 0.003 0.039 7
Head-Brain -0.°721 0.020 0.525 19
SSM-Head 0.459 0.013 0.265 19
&SS-Body -0.090 0.040 0.729 26

10
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would represent the line going through the 40 ft-lb, Damage Level 0 point
and the 90 ft-lb, Damage Level S point. Note again that the data of Figure
1 are represented by the single circled point in the lower left-hand corner
of Figure 2.

Scnie appreciation of the relative danger (or morbidity) of various device
organ combinations may be achieved by thinking of the top line as pivoting
around an intercept value of 5 (off the top right of Figure 2). As the line
sweeps down over the values and is superimposed on a point, the points are
being ranked in the order of decreasing severity. Any fixed slope of this
line corresponds to the kinetic energy at which a particular device-organ
combination would reach Damage Level 5. A different and reverse ranking
would be achieved by swinging up the bottom line while pivoted at 0,0. In
the latter case, we are determining at what kinetic-energy level the slightest
damage first occurs. The interesting fact is that the device-organ combina-
tions in the lower left-hand regions of Figure 2 tend to be ranked high by
both procedures. This, at first, seems like a contradiction, but it appears
accurate to state that certain device-organ combinations, where the physio-
logical response changes rapidly with kinetic energy, can be either very safe
or very hazardous depending upon the kinetic energy of impact.

The set of 49 points presented in Figure 2 are reproduced in Figure 3, but
this time all the organ combinations associated with the Ricochet Round and
the Waterball are highlighted to show the relative damage caused by these two
devices. The spatial arrangement of the two subsets of points portray in an
obvious manner that the Waterball (W) is much less damaging than the kicochet
Round (R) for ,elivalent kinetic energy levels. Figure 4 shows the same type
of presentaion for the rTV Rn( d t-h-aintball (M). Although the
difference between these two rounds is not quite as pronounced as that of the
two rounds in Figure 3, the RTV Round appears less damaging than the Paintball.
It should be noted, however, that there is no real significance to the manmer
in which the points are connected; but, when the points tend to fall in a
straight line, the linear least-squares representation of the individual com-
binations all tend to go through a common point for a kinetic energy vs danage
level presentation, i.e., the linear representations tend toward a ray of
lines.

Before discussing some observations on tCe general validity of the lincar
analysis, two additional comparisons are presented in Figures 5 and 6. TIhese
c(iiparisons are atde for specific orgia areas and provide some Luderstanding
of the relative vulnerability of certain organs. In Figure 5, the projectile
corbinations associated with the heart and the liver are compared. It i';
probably significant that the lowest relative vulnerability of the tiver
occurs in caibinatiun with the KIV Round (V) and the Waterbal I (W) , the two
ieast damaging projectile types overall; otherwise, the heart area is less
subject to gross tiSSLIC hluruage than the liver. It iust be empliasized that
most of these points were established or. samnple sizes of the order of ten
and their location on the slope/intercept plaie is subject to cons iderajle
error. Hlcwever, a comparison of Figure 5 with Figures 3 and 4 inddicates tiat

13
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the greater difference in the physiological response measured is the result of
the projectile impacting rather than the organ impacted.

Figure 6 presents an interesting comparison of the vulnerability of the two
different skin (skin, subcutaneous tissue and muscle) areas, i.e., the skin
of the head (SH) and the skin of the body (SB). In this instance, each of the
points represents a sample size of 20 to 30 test observations, and it may be
inferred that the location of the points in the slope/intercept plane are
relatively well-established. The most interesting observations fron Figure 6
are that the skin of the body is consistently more vulnerable than the skin
of the head and that there are two totally different relations in evidence,
viz., the steep slopes connecting four pairs of points and the shallow slopes
connecting three pairs of points. The conclusion drawn from these observa-
tions is that the body skin is more sensitive than the head skin, both at the
low-energy levels (shallow slope) and the high-energy levels (steep slope).
This conclusion demonstrates primarily the value of a slope/intercept presen-
tation rather than a significant finding on high/lon-velocity projectiles,
and it should be remembered that the conclusion is based on tests against
baboons (head skin) and swine (body skin), i.e., two different anlimal species.

Although it is obvious that one of the limitations of a linear description of
the data is that the physiological respAnse may be nonlinear, there are certain
other factors whidc should be noted. the correlation coefficients of each
linear least-squares fit, given in Table III, provide some indication of the
value of the linear fit. Approximate values of the correlation coefficient
are displayed graphically in Figure 7, where the fraction of the circles
which is black represents the approximate value of the correlation coeffi-
cient. It is felt that this representation provides a significant insight
into what regions of the slope/intercept plane are most me.,ingful. HoWever,
some of the dramatic increase of the correlation coefficient with increasing
slope jiust be attributed to the fact that the correlation coefficient is
equal to the slope nltiplied by the ratio of the standard deviations of the
independent and dependent variables. (il the other hand, some of the low cor-
relations in the interval of slope from .00 to .02 muist he attributed to
other factors, viz., a variation in tihe response which is sufficiently large
to pieclude a good fit (S-11, S-L, 1--L, V.-K, >1l-, W-K) or, the kinetic-energy
levw l- selected did not correspond to the reoni,,ni in whicli phlsiollogical
change occurs ( W-iii), B-II, i- Si) . 1Il the Latt.er exMnIp es• W- I lS ) (laterhal /
Sleau!) aind u-11 (Stun-Bag/•leart) are excel lent examples, since there were no
danage levcls other than "0.'' In ttil case of N-SE- (I'aiitbal!/Skin-tBxty)
there was a pre'loninance of Grade S "calls" over a relatively large kinetic-
nerly int invera'al, and there were very few: outcomes for dzoegte levels less than

S l. onsequentlv, the M ,511 set of dultia was1 VC) resCetcd by,' a 1inC of sM,1lI

'v-i
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slope with a large intercept, whereas a rmore soph-isticated, criterion* for a
lnear l1it would have given a steep slope (aboiut .1) with a small intercept

value. In general, the message of Figure 7 seems to be: if Týhe predic ted
dajmage level is relatively hiji, the linear relation predicting this level
is iiore believable (higher correlation1 coefficien1t) , and/or if the linlear
relation forecasts a large CIIJUQC iI thf: test interval (large slope), the
relation is more believable.

Before reviewing anid suxmnrizin,, some of the phys;iological findings, another
presentatien of the data, which is miore direct, is given in Table IV. The
u~ntries in Table IV are the predicted damlage levels for an imipact kinetic
eiicrg;y of 50 ft-lb, based on the linear least-squares fits of the data. The
entries tend to confirm our previou-xs observations based upqon the slope/inter-
cept presentation of the data which, of course2, they should because they
rcirc~seit. a special case (S0 ft - b) talken near the center of the kinetic.
energiLes tested. Rephrasing tncse-e observations, thevy arc:

1. The Waterbaill and 1,1" i-tound art, Ionera Ill tlvre least damaging pro icc-
tilles for impqacts of fixed khioetic~eiiergy level~s.

T.'he heart is one of tile organs leas vunerable to gross, tissue damiage
I ron projectile unpacLs , wi tl the exc:eption of tti;perball imat;,where it
was noted thiat the significaiic: of the fit for this combination (IS-if' was

3. The liver is one of the organus qxst vtil rw ib Ic to gross tss~ii Jacdamge
from imipacts for all the devices, with the exception of the r/aterball and 1<11
Round which are the two lea-st, thamagrng project Is

4. In every case , the ski a of the head is It'-s s vulinierabl I liuu icth skini
of the body to gross t issue1 damag~tie frmv projucc! i le invWiiyws.

I t Iw~s t he emlphas zed tino t be-l i illudar ret at ionis do.1s r i I thit dauiiigt to the
itiriedi ate area impactecd. Fihe ;1n.1 I Vs 1 s wi cli F) loews will p royvide solic' Inxoici i

Cation1s to the abovece lOs romUis~.

* It appears thlat a pilecewiow fIt of t i am( v IPpet ac'It ic eniergy
dad aWOn .1li mu 1111- Ise In i .u !0 x ('JIq)1 ie , "Ilope !1 d e t ilt cn ic[)t b a re
cihosen to i:1i1rinni soL the loll(Ilt hii, samll a tut',

V, Y

I~hiell. . the lliljfAIct hin~t' nA 1a- "ho a, ie~ lct v~id V~ 1;ihI'c

iioikidiiig claillp icc'l the t'J' O!I V I'fi

X [lildi H' tor Ici, icl I i



'IABUL IV

PREDICTED DAMAGE LEVELS AT 50 Fi -LB It4PAA ENLRGY

,Orr or Bod y.Area

T t ejn Hteart Lun _ Liver Kidney flead H Iead Bsm _

Superball 2.9 3.0 2.5 1.8 1.4 2.6 2 8,

Stun-Bag 0 2.0 3.3 3.0 0.9 1.7 2.0

-Waterbai1 1.1 1.3 1.4 0.4 0 0 0.4

fing Pong Ball 1.1 1.8 2.5 4.2 0.4 0.7 2.3

1'aintball 0.7 2.8 2.6 2.1 2.6 3.4 4.6

Ricochet Rowid 0.7 3.4 4.3 1.0 2.4 3.0 3.5

Mý IV !,ound 0.7 1.7 0.6 1L1 0.3 1.1 1.9

-t



C. Probability of Undesirable Effect (PuE) as a *Žasure of Physiological
Response

It was noted in the discussion of physiological response measures that PUF

represents an attempt to scalb the results fran the test animals to a huann)
and that PU "epresents the well-being of a buman more accurately than damage

level. Unfortunately, there is no assurance that for any given shot the organ
damage which a human might sustain would be the same as that exhibited by the
test animal, but test species (baboons maid sw•ine) were selected in an effort
to minimize animal-to-human darmage conversion problems. later in this report,
scawe results on correlation of damage level with animal weight will be dis-
cussed, and the qualificstions on these data as applied to humans will be
more evident.

'file nature cF the damage levels does influence the outcomes of the Pu 's,

since the grobs tissue damnage is one of the most important pieces of informa-
tion used by the Medical Group in estimating PUL" The extent to which a pre-

assigned damage letvel ¶ade influences the Miedical Grcoup estimates of Pug is

not clear; but, there is no question that the convenience of a single number,
rather than a detailed medical description of the wounded area, aided the
estijuticui of [) .'s. Mhe damage level grade was also freouently used by the

analysts and support personnel to check on the consistency of PUE estimates.

For examaple, on reviewing minutes, of Nme.dical metin.s, if a Damage Level 3
to Ui skin were acccmpanied by a 1l4., of .10 in one case and of .30 in

another case, a quest'ion would be raised ais .hy there was a difference in P,"I
othesame grAe levei. The W-dical Group response to this type of question

invaril•,lly resul tc, in a detaile-d statemrent of the differences in systeidc
effect of thte t'.w wounds with the same damage leve.l grace,

Il e •:a).ysis of t1he 1' values feo" variouxs cox:mbinations., of pro.mect ies5 and

bh'dy areas is hamndled in iuchu the same mannuer is OLe damae le.vel. a iYsS
of the basic differences oeetw'een the tw' anlalses, however, is the number

of' U','0" area.s, conde red i~n each. -The -d i cal Groka as ymU uned t, P value

f,.' e..i impa.t e consi.du'red the eff'ect oit the hLxyv a,; o whcI, 'e for eac'
hxly eniz, impacted, wherreas. i.,;) ',(." (£I,.I,t (]i.•feremnu w lev.... .rades he

as C,3w for i 1,,_N1 y sheo awl t li [eren c 3I
.i l cup:-hasiv"ed that tlw -mu ' I, l. I,: s-g did net c olr;i_ ier ý J;.r-

-'A t il.ei FatU) 0 g-a-. rh. '. tth th,,ara , 1)(116)l thro I " .a s ot C a. w')•, > 1, ktY,
dow .ý.hlcc J..'v ;,,;lC... , 1, "uld :.kJ0 (!4 )0;• Glit[),.- ,•.~ X .lgiO

sus 'Avu:, dai , i tihaft is' in ti.t' .. ajlun,' level anaŽ, ] 5, timr.s.,tpcltC
. vge rated .o ,,.... ' ' . . .., ,; JA o ly U ' I dtta point isgU :z at ,,i ! t i r vthe g"1ut It pdt) 'v . Viv! t' a.,- ,.ct '.

i ll t I. h.' .. I, 1'ý", bot h hcX.iv n " ead, i : al. I

- C U ik l ' i . - 0

.1'.'! 35 i;,.v

- - - - - - - - - - - - - - -,., .. t..IjtL a.
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1. Head (brain) - HI)

2. Thorax (heart and lungs) - TH

3. Liver LV

4. Kidney K.

The sane seven projectiles of the dodmge level analysis are uLsed in conibina-
tion with the above four b-*y area: in the PuE analysis, and the results of

linear least-squares fits to these 28 (7 x 4) ccinbinations are given in Table
V. The three right-most coltumm of Table V give the values of the linear fit
for 30, S9 and 90 ft-lb, respectively. The same form of slop./intercept pre-
sentation as was used in Figure 7 for the 49 device-area combinations (damage
level vs kinetic energy) is also used for the 28 device-area combinabtions
(P E vs kinetic energy) in Figure 8 below. As in Figure 7, the correlation

coefficient of the PUL vs kinetic ernrgy relation is indicated by shading the

cicle to represent the specific relation. Also, as before, the percent of
shading represents the approximat:e value of the correlation coefficie2nt.

There are several fundainental canges to previous conchusions, based only on
gross tissae damage to the impacted area, which should be made nx,, based upon
the P s thus derived. First, the larger projectiles (especiallY the Stun-

Bag) appear to be more hazaraous ielative to the smaller projectiles on the
basis of PUE estiLmates, but the larger projectiles are still generally less

hazardous for given kinetic-energy levels than. the smaller projectiles. 1he
Stun-Bag's re!atively poorer showing is w.Ado•ubtedly due in part to a num,•ber
of cases in Stun-Bag shots where there were areas of necrosis in the livwr
without fracture of the liver. 1he nwddical idgnent was that such. necrosis

would result i- a sick patient for at Ie.at several days, thus giving a higlt1 UE for a relatively low damage level. Generally, it appears that the larger

projectiles are causing daLage in a large bcxty area (e.,g, , the thorax) even
though the damage at the point of impact (heart, lung, skin) is not extremely
large. This pheno.menon causes the P 's for sntch large body ai'cas to be

relatively higher vife,. co.mpared to P. Fs for smaillr bo.dy Irea3s. To repcat,

tke siatlci projectiles position did not tiicessarilv iuprove rcliative to all
the projecriles, 11nd there is ;kne indication that the Paillti ali (M), the
siallest pioJectilc,, exhihits s(1ile of tOle e'is.-at.irac,: 00 haiacteristlcs of
the Uarger projectiles in that there seemed tc, be a ttlenc . for nitiltiple
,ars to be daaged 1101ro a single shot of the k'aintbatN..1. 'I'Irte ;,; )o direct
cv dence assenxbled, but it is conceiva•).e that thýý 'Till.1tipbI danlagcd areýt;
cesult fr•n the p-netrati Co type" wCAou of the Painttbalt.

he lrei i. cu,; C~(Onchusoiol based on dvmnage level a..,aiys" 's onily) oi the re lat. i e
ilnvolnj 11r. it tv os thi.e tar t. tG gross ti.5;tUe dtirage , g1 ee ralL di
counted when 111v resuits o' Ole P.narasi.s arc tai'<eo .itt, acc.unt. It

ape ars fr,. i , re 8 t1,hat t1e ti Torax d.Ct' i as ; I 0 l3 i s i(t a"is v1 iln clab i1I7
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to undesirable effects as the liver area in this analysis. This does not mean
that the heart is not a tough organ physically (the results from the damage
level analysis verify this statement), but it does mean that the toughness of
the heart organ is not a critical factor in the overall morbidity of thorax
impacts. For example, the P lk value for thorax impacts includes gross damage

to the heart and the lung. The thorax PLE value also reflects contributions

from EKG abnormalities as well as the specific nature of the gross tissue
damage and its anticipated systemic effect.

The comparable vulnerability to undesirable effects of the thorax and liver
area impacts is really more surprising than the above discussion would indi-
cate. An examination of the damage levels of Appendix B indicates that the
small missiles impacting against the liver area cause damage to the heart and
lung (as will large missiles) and also introduce EKG disturbances, so that
one might expect that the compounding effect of PLE values would make the

liver that much more vulnerable and, in fact, it does. For the P, M, and R
projectiles (Ping Pong Ball, Paintball, and Ricochet Round, respectively),
the liver area impacts are more dangerous as mcasured by PE. than the thorax

area impact!. For the remaining projectiles, the thorax area is more vulner-
able (in some cases, for example, the RTV Round, only slightly nxre vulner-
able) than the liver area, but it will also be noted for these projectiles
that thorax area shots will tend to produce liver damage, which is not the
case with the P, M and R projectiles.

Before making conclusions on the overall "nonlethal" weapons implications of
these findings, it should be noted that the P LE results tend to be more

revealing than the damage level results, i.e., where damage level for the
area impacted only is exmidned! There are only two results, S-TI and W-K,
which appear in a bad region of the slope/intercept plane with a small corre--
lation coefficient, and even W-K could be a reasonable description of the
Waterball-Kidney interaction since there were only three non-zero grades
assigned for t-he damage level other than the skin. 3Wo of these were kidney
damage grades with values 1 and 3, respectively, and there was a damage
level 1 for "other viscera." It should alsc be noted that the W-K value is
located in about the same relative position for both the Puf and the damage

level vs kinetic energy analyses. Furthermore, the correlat ion coefficient
between damage level and P) is .95 which means that P. in this case, is

based primarily on the gross tissue damage to the kidney. Tlere is also
sane uLnderstanding of the S-T11 value and it will be described beli. It
too appears in the swiie relative region a-, the S-1, and S-Il values for the
damage level vs kinetic energy analysis.

llie pertinent question now is what has been learned about the effects, of these
seven different projectiles? First, the RIV ]oWld, which is the most fIleible,
elastic projectile of the seven, and the Waterball, which is the larhuest frin
gible projectile, are the least dntiaging proj ectiltcs for fixcd killet ic c ricrV
level s. 'Hliuse conclusions are independent of which analysis P vs KiIIe i

-- -- -



energy or damage level vs kinetic energy, is examined. It is fairly evident
that the high-energy sphere (Superball) looks relatively less dangerous in the
PUE analysis than in the damage level analysis, and a similar conclusion may
be inferred for the Ricochet Round. On the other hand, the Paintball and the
Ping Pang Ball look relatively more dangerous in the PUj". analysis. If we rank

the various devices by a simple averaging of the predicted physiological
responses for "critical" body areas, we have the following:

Average Damage Level Average PUE

Projectile 30 ft-lb o0 ft--b 30 f s ft-lb

Waterball 0.50 0.74 0.17 0.27

KIr Round 0.50 0.88 0.12 0.32

Painthall 1.20 2.04 0.74 0.83

Ping Pong Ball 1.36 2.00 0.60 0.72

Stun-Bag 1.48 1.84 0.52 0.68

Superball 1.58 2.32 0.28 0.44

Ricochet Round 1.58 2.36 0.43 0.59

It should be noted that the three liquid-filled projectiles, viz., Paintball,
Ping Pong Ball and Waterball, were test expedients and the physical character-
istics of the shells containing a liquid were not chosen to provide a spec-
ified rupture condition. It can be stated that all projectiles did rupture
during the tests which were run for record. There were some initial failures
to rupture for the Ping Pong Ball, but this was resolved by scoring the sur-
face to provide fracture lines. The point is that no definite conclusions or
relation can be established on the critical dianmters of liquid-filled pro-
jectiles, but it does appear that somewhere between the 1-3/8" Ping Pong Ball
and the 3" Waterball there is a considerable reduction in damage for constant
energy of impact. Furthermore, another factor of ten reduction in the weight
frun the Ping Pong Ball to the Paintball did not result in an appreciable
overall change in physiological effect.

Aniotiier observation is that the smaller projectile tends to produce more
localized daaage, but for the smallest projectile (Paintball), this couild
mewi localized to a wouand tract; hence, for relatively high kinetic energy
and deep penetration of small missiles, iiultiple areas may be affected. It
would appear that there is some inteniediate "optimnan" size of mis;sile which
wilJ give primarily local damage. finally, tho very obv i~xs conchlsion abotut
proiectile characteristics is that a soft elastic consistency is the best of
any of the concept.s considered in this evaluation.

28



Before proceeding to certain system considerations, some 'conuent should be
made about the level of PUE values which represent various projectile/body

area responses. The first reaction, if some analogy is made to nmre familiar
situations, is that the values are too high to represent human responses. h.)r
example, a baseball lobbed from base to base should give about a 30 ft-lb
impact, whereas a fai-t-p-ched ball is on the order of 100 ft-lb. Assuming
that most of the energy from a baseball impact would be absorbed, the closest
projectile to the baseball in this investigation would be the Stun-Bag. The
linear prediction for PUE of the Stun-Bag at 30 ft-lb is .52. Intuit," cly,

this seems high. However, the 100 ft-lb impact of a Stun-Bag gives an average
estimate of .91 for Pug" If a relaxed person is hit by a fast pitched ball

on the head, thorax, liver or kidney area, it does not violate intuition to
state that chances are very good that the individual will not be able to Per-
form routine daily tasks the following day.

Irrespective of the validity of the above "popular appeal" type of argument,
some calculations were performed to investigate whether or not the test aniial
sizes were a contributing factor in the physiological response estimates.
First, a set of linear regressions for damage level vs body weight was deter-
mined for the five projectile series where animal weights were in the data
base. The slopes of these linear least-squares fits were generally negative
(sufficient evidence to indicate that body weights were a factor). Next, a
second statistical investigation was made, using a nultiple linear regression
where both kinetic energy and body weight were used to predict first damage
level, then P 1.. The slopes (coefficients of regression) were both positive

and numerically "close' to the single linear regression values for the kinetic
energy coefficients, and the slopes for the body weight variables were negative
as before. The ratio of the coefficient to the standard deviation of the
coefficient was calculated for both the kinetic energy and body weight vari-
ables. These ratios indicate the significance of the fit for each of the
variables and, in general, the ratios for the kinetic energy variables were
greater than those for the body weight variables. However, both ratios were
frequertly highly significant. The conclusion is that both body weight uid
kinetic energy are major contributions to the physiological response as mea-
sured both by damage level and P Furthernnore, kinetic energy is the more

dominant variable. Since the animal weights were freqClentlx' within the range
of 20 to 30 pcxmds, it could be inferred that the physiological response
observed is greater than ---iltc e cte&--cvn a 1aer-ger anuI oT-o~i h1uMan

11ro)-t ions- A----ess ceraTaincOnlC1us-ion--li-s t -rTu- 101hu1i4.1S W-Oth1 0iot
{ve- received- v as-iRd-amae -foer -vek tic--e e _-v-e 1 is t-a •a--toseed

n thie test nimal~s. i great deal-ot care nust be exterciseJ n extnrap-tt
r-eisu-ittss-ci -f-J- tfe test weight iiterval . For example, the inverse body
weight correlation with damage cot.lh very logically nmx that for animals of
the salne muaturi y, the lighter animal is mere sus5ceptibie to dk1lage.

'1he decisicx to test small pigs was b;ased upon a 7,11dgIWnII thit the skinl, sub -
cutaieou;s tissue and mtiscle layer woxuld resemble that of a hiunan ;i )le nearly
than that of a I:irger anima of tjoivalent a .ht t htui01n w1 ilJlt. t Fl therl ll)lr,
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it was assaued that the skin would provide a more sensitive response than the
critical soft organs. In general, this assumption holds for damage level
response as exhibited by the consistent positive intercepts (of Figure 2) for
the different skin/projectile relations.

D. Other System Considerations Influencing Less Lethal Weapon Characteristics

All the previous discussions were oriented toward understanding physiological
response as a function of impact (or preinqpact) conditions. At this point,
sawe discussion is warranted on an approach to establishing the characteris-
tics of less lethal projectiles where these projectiles follow ballistic tra-
jectories from launch. Since a projectile must act at a distance in order to
provide some effect on target and safety to firer, there are two dominant con-
ditions, viz., gravity and air drag, which will influence the choice of a
projectile size. In the following discussion, only spherical projectiles of
the density of water (I gm/cc) will be considered.

Figure 9 is a plot of the impact kinetic energy vs range for "water" projec-
tiles of various diameters. The launch angle is 50 in all cases. An inspec-
tion of Figure 9 indicates tat the heavier (larger diameter) projectiles are
extremely range-limited for kinetic energies of launch which are reasonably
safe (low kinetic energy)! Essentially, what is ipctured in this figure is
the trade-offs for laumch impacts vs stand-off (downrange) impacts; i.e., if
an attempt is made to provide a projectile which would cause little damage at
the muzzle (if someone were inadvertently hit at the nuzzle) yet the projec-
tile must have some "effect" downrange, then there is a tremendous difference
between a 1/2" projectile and a 3" projectile. It should be emphasized that
the trajectory information in Figure 9 is based upon a 50 launch (super ele-
vation) angle. Depending upon the sight utilized for a launcl :ýr, this could
be an appreciable source cf error in hitting a target. For example, at 200
feet range a 5S launch angle would require the firer to aim about 15 feet
above the intended impact point on the target.

Before discussing the additional information on Figure 9, it should be noted
that a very specific and restrictive set of objectives was stated above for
impacting less lethal projectiles, viz., low chance of injury at the muzzle,
combined ,.1th a capability to produce an "effect" downrange. Unfortunately,
the scope of this report must be limited arid the various discussions on
"effect" in Peference 1 can be stated only briefly. However, it is fairly
evident that the only effect that nonhazardous kinetic energy projectiles can
be expected to achieve is pain or threat of pain. If "nonlethai" devices are
characterized crudely as either incapacitating or dispersing, then it nust be
concluded that individual impacting projectiles can only disperse if there
is a requirement that the projectiles produce little, if any, injury on
impact. Furtherno.7e, there is no certainty that painful impacts will induce
a cTowd to disperse. However, the utilization of chemical irritants (tear
gas) in crowd control has in many cases evoked che desired control force
objectives, i.e., crowd dispersal, and it is prol)able that much of the desired
effecc was zchieved when crowd members avoided the discomfort of respiratory
distress, tears and painful irritation rather than when crcId rrxihers were
p4iysically experiencing tCe specific physiological responses of exposure to
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large doses of chemical irritants. Both the analysis of crowd behavior under
actual confrontation conditions ard the calculation of required dosages of
chemical irritants for open areas tend to confirm that a crowd disperses to
avoid the threat of discomfort rather than as a direct result of chemical irri-
tant doses which are highly disccmforting. The above comments are injected as
a caution in the event the results of this report are interpreted in the sense
that all that can be expected from kinetic energy "nonlethal" projectiles is
pain. It is conceivable that threat of pain is sufficient to obtain the
desired effect. Additionally, one of the reasons for considering kinetic-
energy projectiles is that under many wind conditions and tactical situations,
chemical irritants are unreliable.

Returning to Figure 9, constant kinetic energy pain levels for the various
diameter projectiles are indicated by dashed lines for the corresponding kinetic
energy vs range relations. The kinetic energy pain levels are based upon exper-
iments (recorded in Reference 1) where a very simple set of tests were run with
human subjects to establish impact pain threshold levels for several different
diameter projectiles. The values indicated for pain level on Figure 9 are
based upon an energy per unit area which is ten times the estimated pain
threshold. The limitations of the "ten times threshold" pain criterion are
appreciated; however, this criterion is the most reasonable information avail-
able which provides a quantitative measure of desirable effect at low impact
energy levels.

It seems fairly clear that there are two opposing factors affecting range/
velocity which will influence the selection of a specific diameter for a water-
filled sphere, viz., gravity tends to limit the range of larger projectiles
and air drag makes the smallest projectiles ineffective through rapid velocity
slow-down. The specific maximum "effective" ranges which may be achieved for
a given projectile de.pend upon the physiological response information devel-
oped in this report as well as the selection of an "optimum" launch angle
and required range for that angle. The optimization process is not complete.
Additional tests should be run against animals to obtain mere reliable infor-
mation in the .75-1.5" dianeter region. It is very reasonable that these
tests should be restricted to projectiles construzted from a soft elastic
material. In addition, more precise trajectories should be calculated based
upon actual characteristics of rounds. Anoti ,r optimization factor, viz.,
time of flight, should be considered since short times of flight tend to
increase accuracy of shooting.

However, it does appear reasonable to conclude at this poinit in time that the
MTV Round tested has a distinct superiority over the other configurations

tested and should pirvide very few injuries on iipact if fired below 30 ft-lb
launch energy. An I/FV Round fired at 30 ft-lb nuzzle energy and a 5O launch
angle should be safe at the nvzzle and provide a painful impact at ?00) feet
range.
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1L. Tests with the Water Cannon and Other Mecdanisms of Desirable Effect

In addition to the projectile firings discussed previously, LWL conducted
twenty firings against swine using a water dispensing system (see Reference 7).
The parameters of impact are, of course, completely different from those
associated with the seven projectiles. Nominally, the conditions for the
pbysiological tests were a 2.9-gallon pulse of water at 300 psi from a 3/4"
nozzle. The velocity of the water at various ranges from the nuazzle was
calculated measuring observed shifts in the water rod in the high-speed photo-
graphs. The pre-impact energy of the water rod was calculated to be between
5,000-10,000 foot pounds, depending upon the range and variations occurring
in the actual test firings. The results of these tests are not given in thc
data base of Appeidix B, but significant parameters and test results are givein
in Table VI belr'd. It is evident from the P values that there is no appre-

ciable corrc-Ltion of damage with range and, in addition, the average overall
PUE of .27 indicates a relatively low hazard considering the anmunt of energy
available prior to impact. Unfortunately, the closing of the Land Warfare
Laboratory (LWL) did not permit an extensive reduction and analysis of all
the Fastax film data, but there is a completely different mechanism involved
in the water rod impacts when compared to small projectile impacts. First,
a considerable anount of energy in the water impact of the water cannon is
utilized in accelerating the whole test fixture (including the aninal), i.e.,
much of the energy is involved in momentum transfer. In addition, the pulse
duration is sufficiently long such that the water after some time is impinging
oon a moving object and a-. thle end of the pulse is either missing the target
altogether or striking at a very low obliquity. The actual times associated
witJh the various events may be estimated from the Fastax film but this mea-
surement task was not accomplished.

Mhe gross difference in the nature of the tests (water cannon vs projectile)
was sufficient to indicate that massive amounts of energy may bc available pre-
impact without inducing a corresponding :.assive tissue disruption to the test
animal, at impact. The significant difference between the massive energy of
the water rod in the water cannon tests and the other tests with projectiles
is that some specific desirable effect on the targeted individual may be
achieved in addition to tlie introduction of pain; naiely, the moving individ-
ual may be stopped-or-ocked dewn with a water rod, since there is sufficient
force available to decelerate or overturn an individual.

It is unfortunate that sufficient time wa.s not avai lable to provide .n ade-
jquate discussion and analysis of the desirable effects aspects of less lethal

weapqons, since consi.erable information was developexd in the coursu of the
IWI. programks on desirable effects estinvates. However, the q(ali itv of thlt
inloriiation was such that is was judged to be of smaller value thanu thei
physiological effects information discussed at length in tili'; report hence,
it was, for the iiust part, Cxcluded.

In a ldition to the unreported dv.'sired effects iiilonnat ion -or kinetic - eeri.v
projectiles, LIYL has been Involved with evai : . rig th1, desi Iab le and iii idelil
ai!.e effects of clienicaI and electical devi (eu(. .or eX;Il le, tests ulsill

lchesus nicsikeyvs and the TA.SIIP (au electrical device have bcciien cohdhited i1
u effort to gross ly qualtify ,lceCtrically 1>ic:pac i tatil ,: oc tts
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TABLE VI

RESULTS FR(A WATER DISPENSER TESTS

Pulse
Range to Duration

Imact (ft) Orientation Shot No. (c ie-ocitL JE

6.5 Frcnt 906 .722 193.5 0
Front 907 --- .25
Front 914 .725 151.3 0
Front 915 .753 1.67.8 0
Front 916 .735 150.9 .25

17.0 Front 900 .752 160.8 0
Front 901 .602 159.1 0
Front 902 --- 1.0
Back 903 .700 157.2 .5
Back 904 .665 148.8 0
Back 935 --- -.- .25

37.5 Front 908 --- 123.7 0
Front 909 .571 134.0 0
Front 910 .523 147.0 0
Back 911 .656 133.0 .5
Back 912 .555 130.0 .5
Back 913 .552 120.0 0

45.0 Front 917 .484 141.7 .10
Front 918 .482 149.5 1.0
Front 919 455 142.0 1.0
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III. OBSERVATIONS AND COMMENTS

There is now considerable information to support what can and wihat cannot be
don,) with impacting projectiles in the area of less lethal weapons. First,
there is much evidence that a device/projectile can be made which will be
muzzle-safe (cause no appreciable damage from impacts et the mUzzle of a
launcher) and which will provide desired effects at ranges of interest. Fur-
thermore, there are some data and analyses to helf identify 'optimum" char-c-
teristic.•t o such a projectile, if the projectile is sphericA.

The LWL investigation has not extensively addreszed less lethaW mechanisms
for stop-ing and/or immobilizing individual people; however, the evidence
available suggests that hazards must be accepted if L device is to be. use- to
"reliably" stop or immobilize an individual in open areas. This statement
includes consideration of electrical, chemical and mechanical devices.

In summary, a great deal of basic data from animal impact tests ,onducted over
a period of two yeers is presented in Appendix B. The corresponding physio-
logical respnnses to projectile impacts are summ:rized by 1,.n-,ar least-squares
fits to the numerous projectile/body area combinations and are presented in
Thble.s III and V of the report. Irrespective of the value of th2 analysis
and conclusions given in the report, this basic information should be of con-
siderable value to any group interested in blunt-trau.m.a injury.

| 1
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APPaDIXA

[AMAGE LEVEL CRITERIA

Criteria for the Evaluation of Dmake
. esulting Fro'iunt rraua

I. Skin, Subcutm Tissue and Muscle

(Grade) Criteria

1 Superficial blemish or signature :n skin

2 Grade I plus subcutaneous hemorrhage and/or edema

3 Grades 1 and/or 2 plus subcutaneous and/or intranuscu-
lar hematoma

4 Grades 1, 2 and/or 3 plus laceration of fascia

5 Grades 1, 2, 3 and/or 4 plus laceration of skin

I Superficial contusion with subcapsular hemorrhage and/or
perirenal hemorrhage

2 Grade 1 plus superficial laceration of cortex not pene-
trating more than 2-3 mnm

3 Grade 1 pluis simple laceration of kidney penetrating to
pelvis

4 Grades 1, 2 and/or 3 plus multiple lacerations

5 Grades 1, 2, 3 an"/or 4 plus rupture of capsule and
destruction of kidney

Ill. Liver

I Subcapsular hematoma with no visible fracture of liver

2 Grade 1 plus simple frActure of liver less than 1 cin
deep and/or leýý'; than 5 cm long

3 Grades I and/or 2 plus rupture of capsule and fracture
of li'ver .1-2 cm deep and/or less than 10 cm long
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I II. Live~r• ( t)_

(Grade) Criteria

4 Grades 1, 2 and/or 3 plus fracture greater than 2 cn
deep and/or greater than 10 cm long

5 Fragmentation of liver

IV. Spleen

I Subcapsular hematoma less than 5 cm in diameter

2 Subcapsular hematama greater than 5 cm in diameter and/
or minor intrasplenic hemorrhage

3 Grades 1 and/or 2 plus rupture of capsule less than 1 an
long

4 Grades 1 and/or 2 plus capsular rupture greater than 1
an long

5 Disruption of spleen, laceration of substance of spleen---
torn capsule

V. Luny

1 Small contusion of lung with subpleural hemorrhage less
than 5 an in diameter and extending less than 1 cm into
lung

2 Subpleural hemorrhage greater than S an in diameter ard/
or nultiple hemorrhages less than S cia in liameter

3 Grades I or 2 with pleural rupture and pncumothorax

4 Grade 3 with bilateral pneutnothorax

S Deep tears in lung parecyiiyma with hemnztetmro thorax

VI. Other Viscera

1 Less than 1 cai subserosai hemorrhtage

Greaiter tha.i I cm sut u;eros al h,.no)rrhatve

3 Grade 2 plus sero.'ai laceration 01 dl/or iivseuteric
1acerat ion5

.-.--,-.-~--------.--.-~------------ - - -



VI. Other Viscera (Cont)

(Grade) Criteria

4 Single rupture of viscera and/or diaphragm

5 Hiltiple rupture of one or more viscera

VII. Bone

1 Periosteal hemorrhage without visible fracture

2 Simple fracture with no displacement

"3 Fracture with lateral displacement without perforation
of pleura (rib)

4 Fracture with lateral displacemt plus perforation of
pleura (rib) or multiple simple fractures or compound
fracture of long bone

5 Fragmentation of bone

VIII. [lead

i Linear fracture of skull and/or minor epidural or sub-
dural hemorrhage and/or contusion of brairn less tiban
2 mm in diameter

2 Grade 3 plus subcritical intra&ranial hemorrhage*

3 Depressed fractures of skull with subcritical intracra-
nial hemorrhage and/or limited brain contusion

4 Critical intracranial hemorrhage and/or nultiple linear
or depressed fractures of skull

5 Massive intracranial hemorrhage with extensive lacera-
tion and contusion of brain--irwmediate death or death
prior to sacrifice

*Critical intracranial hemorrhage is defined as that voluie of accutmilated
blood required to produce caina clue to increased intracranial pressure-

IX. Heart

I EpicardiaJ and/cr myocardial hemorrhages .2 cm or less in
diamneter

2 Epicardial wid/or myocardial hemorrhages greater than
I cm in diameter
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Ix. Heart (Cuot)

(Grade) Criteria

3 Grade 2 plus myocardial necrosis less than 2 cm ii
diameter

4 Grade 2 plus myocardial necrosis greater than 2 cm in
diameter

5 Rupture of heart

41
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APPENDIX B

DATA BASE

All the basic data from the seven less lethal projectiles discussed in the
report have been placed in a data base for computer retrieval and analysis.
The complete data base is on a Digital Equipment Corporation PDP-11/10 com-
puter. With the close-out of LWL, the less lethal investigations, along with
cognizant personnel and computer (plus data base), have been transferred to
the US Army Human Engineering Laboratory (HEL) at Aberdeen Proving Ground, MD.

This appendix contains selected printouts of 16 of a possible 40 different
quantifications on each test shot. Table B-I gives a description of each of
the currently possible quantifications; hence, the definitions and explana-
tions of the entries of Tables B-I! through B-TX may be obtained by checking
the table column headings against the descriptions given in Table B-I.

It is the intention of the investigators to continually update the information
in the data base, at least to the extent permnitted by supporting funds.
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TABLE B-I

DATA BASE DESCRIPTIVE INFOJPMATION

Spaces

Field 2 Field Content Renarks"

1 4 Record Number*

2 4 Shot Number

3 6 Date of Shot Month, day & year; e.g., 060774
to represent June 7, 1974

4 4 Time of Shot Hour & minute; e.g., 0852 to
represent 8:52 a.m.

5 2 Test Item* 01 - Superball I, 02 - Superball
II, 03 - Superball III, 04 -
Stun-Bag, 05 - Waterball, 06
Ping Pong Ball, 07 - Paintball,
08 - Ricochet Round, 09 - RTV
Round

6 6 Projectile Velocity* Feet per second

7 S Projectile Weight* Grmns

8 6 Projectile Area Sq cm, represents presented area

9 3 Animal Number

10 2 Species of Test Subject* 01 - baboon, 02 = swine

11 6 Animal Weight* Kilograms

12 3 Animal Dimensions Inches

13 2 Target Area, Nominal 01 temple, 012 - terior head,
03 - posterior head, 04 - nasal/
oral, OS - heart, 06 - lung,
07 - thoiax (heart & lung),
08 - liver, 09 - kidney, 10
thigh, 11 - spleen

14 2 Target Area, flit* Same as above.

*Field content item printed-out iii subOsequent tables of this appendix.
"In those cases where information is not presently available, -1 has been
used as a teniporary indicator.
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TABLE B-I LC((Xbn

Spaces
Field 2 ed Field Content Remarks*

15 5 Time on Target Milliseconds; -0200 - imbedded

16 2 Hit Qualifier 00 - OK, 01 - glancing blow, 02
missed target organ, 03 - glanc-
ing impact & missed target organ

17 2 Heart Grade* PD (physical damage, as opposed
to EKG changes)

18 2 Head Grade* Includes both skull and brain
damage

19 2 Lung Grade*

20 2 Kidney Grade*

21 2 Spleen Grade

22 2 Liver Grade*

23 2 SSM Grade* Skin, subcutaneous tissue &
muscle

24 2 Other Viscera Grade*

25 2 Other Grade

26 2 Bone Grade

27 2 Bone Number Code for identifying bone
affected

28 2 EKG-1 Grade CA) (conduction disturbance)

29 2 LKG-2 Grade MI (myocardial infarction)

30 4 PU Probability of undesirable
effect (all scenarios)

31 4 P SA-1 Probability of desirable effect,
Army Scenario I

*Field content item printed-out in subsequent tables of this appendix.
**ln those cases where infonrmation is not presently availabic, -1 has been.
Used as a temporary indicator.
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TABLE B-,I (CONT.([

Spaces
Field Occupied Field Content Remarks**

32 4 P SA-2 Probability of desirable effect,
Army Scenario II

33 4 P LE SA-3 Probability of desirable effect,
Army Scenario III

34 4 PIDE SC-1 Probability of desirable effect,
Civil Scenario I, LEAA

35 4 P SC-2 Probability of desirable effect,
Civil, Scenario II, LEAA

36 4 PDE SC-3 Probability of desirable effect,
Civil Scenario III, LEAA

37 4 PDE SC-4 Probability of desirable effect,
Civil Scenario IV, LXAA

38 4 Time of Death Minutes, measured from time. of
shot to time animal dies or is
sacrificed

39 2 Death Qualifier* 01 - test induced, 02 - sacri-
ficed, 03 = suspicion of over-
dose of anesthesia, 04 = animal
died overnight, 05 = umexplained

40 2 Shot Qualifier 00 OK, 01 - aniiial shot twice,
02 - questionable velocity

*Field content item printed-out in subsequent tables of this appendix.
**In those cases where information i- not presently available, -1 has been
used as a temporary indicator.
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APPJMIX C

IW'GE LEVEL GRADES GRKWUPED BY KINETIC

The damage grades utilized in this appendix are grouped according to kinetic-energy bands; for exanple, the kinetic-energy level 15 represents all kineticeneegies 0 through 15 ft-lb, 30 represents 16 through 30 ft-lb, etc. Addi-tionally, the dmanae grades consider only the area/organ impacted and do notinclude other areas/organs which may have been affected by the impact. Forexample, if the projectile impacted the liver (the designated target area)and the kidney also received damage from the impact, then, for the purpose ofthis appendix, only the liver damage was considered when grouping the data.

It should be. noted that an attempt was made to verify the projectile's veloc-ity and associated kinetic energy for each shot through the analysis of high-speed films. There were, however, 4 few instances where the film was notavailable and the original chronograph readings were then utilized. Thesecases are indicated in the appropriate matrices by asterisks.

As a flne1 ccmment, for the matrices entitled '"Head (Skin)", the numbers out-side the parentheses include only the head Cbrain-sku1l) area, and the numbers
withzin the parentheses include only the skin of the head.
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